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VOLTAGE REGULATOR nying drawings . However , the drawings employed herein 
are for the purpose of descriptions and should not be 
regarded as limiting . This application claims the benefit of Taiwanese Patent 

Application No . 106107087 , filed Mar . 3 , 2017 , the subject 
matter of which is incorporated herein by reference . 5 5 BRIEF DESCRIPTION OF THE DRAWINGS 

On 

FIELD OF THE INVENTION The above objects and advantages of the present invention 
will become more readily apparent to those ordinarily 

The present invention relates to a voltage regulator , and skilled in the art after reviewing the following detailed 
more particularly to a source and sink voltage regulator for 10 description and accompanying drawings , in which : 
a cascade I / O circuit . FIG . 1 is a schematic circuit diagram illustrating a voltage 

regulator for a cascade I / O circuit according to an embodi 
BACKGROUND OF THE INVENTION ment of the present invention ; 

FIG . 2 is a schematic circuit diagram illustrating the 
For increasing the operating speed and reducing the 15 detailed circuitry of the voltage regulator according to the 

power consumption , the circuitry of an integrated circuit embodiment of the present invention ; 
( IC ) chip usually comprises transistors that withstand low FIG . 3A is a schematic circuit diagram illustrating the 

controlling circuit of the voltage regulator according to the voltages . For example , the IC chip comprises 1 . 8V transis embodiment of the present invention ; tors . 20 FIG . 3B is a schematic timing waveform diagram illus Since an output pad of the IC chip provides a higher trating associated signal processed by the voltage regulator 
output voltage ( e . g . , 3 . 3V ) , the 1 . 8V transistors of the I / O according to the embodiment of the present invention ; circuit are in a cascade connection . FIG . 4A is a schematic circuit diagram illustrating a 

For example , in the I / O circuit , two P - type transistors in variant example of the sink voltage generator of the voltage 
the cascade connection are connected between a power 25 regulator according to the embodiment of the present inven 
voltage ( 3 . 3V ) and the output pad . If the I / O circuit provides tion : 
OV to the output pad , the source - drain voltages of the P - type FIG . 4B is a schematic circuit diagram illustrating a 
transistors are within the withstanding voltage range ( i . e . , variant example of the source voltage generator of the 
1 . 8V ) . voltage regulator according to the embodiment of the pres 

Similarly , in the I / O circuit , two N - type transistors in the 30 ent invention ; and 
cascade connection are connected between the output pad FIG . 4C is a schematic circuit diagram illustrating a 
and a ground voltage ( GND ) . If the I / O circuit provides 3 . 3V variant example of the controlling circuit of the voltage 
to the output pad , the source - drain voltages of the N - type regulator according to the embodiment of the present inven 
transistors are within the withstanding voltage range ( i . e . , 
1 . 8V . ) 35 

However , the conventional I / O circuit still has some DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS drawbacks . For example , it is necessary to properly control 

the gate voltages of the P - type transistors or the N - type FIG . 1 is a schematic circuit diagram illustrating a voltage 
transistors . If the gate voltages are not properly controlled , 40 regulator for a cascade I / O circuit according to an embodi 
the gate - source voltages of the transistors are possibly ment of the present invention . As shown in FIG . 1 , the beyond the withstanding voltage range and thus the transis cascade input / out ( 1 / 0 ) circuit 100 comprises a pull - up 
tors are burnt out . circuit 102 and a pull - down circuit 104 . 

The pull - up circuit 102 comprises two P - type transistors SUMMARY OF THE INVENTION 45 P1 and P2 in a cascade connection . The two P - type transis 
tors P1 and P2 are connected between a power voltage Vcc 

An embodiment of the present invention provides a and an output pad 120 . Moreover , the gate terminals of the 
voltage regulator . The voltage regulator is connected with an P - type transistors P1 and P2 receive gate signals Cpl and 
input / output circuit . The voltage regulator includes a con - Cp2 , respectively . 
trolling circuit , a sink voltage generator and a source voltage 50 The pull - down circuit 104 comprises two N - type transis 
generator . The controlling circuit generates a first reference tors N1 and N2 in a cascade connection . The two N - type 
voltage , a second reference voltage , a first power start transistors N1 and N2 are connected between the output pad 
control signal and a second power start control signal . The 120 and a ground voltage GND . 
sink voltage generator receives the first reference voltage Moreover , the gate terminals of the N - type transistors N1 
and the first power start control signal . The source voltage 55 and N2 receive gate signals Cnl and Cn2 , respectively . 
generator receives the second reference voltage and the When the cascade I / O circuit 100 intends to output a 
second power start control signal . When the voltage regu power voltage Vcc to the output pad 120 , the pull - up circuit 
lator is in a normal working state , the controlling circuit 102 activates the gate signals Cpl and Cp2 to turn on the 
inactivates the first power start control signal and the second P - type transistors P1 and P2 . Consequently , the power 
power start control signal , the sink voltage generator gen - 60 voltage Vcc is transmitted to the output pad 120 . Meanwhile , 
erates a sink voltage according to the first reference voltage , the pull - down circuit 104 turns off the conduction path 
and the source voltage generator generates a source voltage between the output pad 120 and the ground voltage GND . 
according to the second reference voltage . When the cascade I / O circuit 100 intends to output the 
Numerous objects , features and advantages of the present ground voltage GND to the output pad 120 , the pull - down 

invention will be readily apparent upon a reading of the 65 circuit 104 activates the gate signals Cnl and Cn2 to turn on 
following detailed description of embodiments of the pres - the N - type transistors N1 and N2 . Consequently , the ground 
ent invention when taken in conjunction with the accompa - voltage GND is transmitted to the output pad 120 . Mean 
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while , the pull - up circuit 102 turns off the conduction path the voltage regulator 200 comprises a sink voltage generator 
between the output pad 120 and the power voltage Vcc . 210 , a source voltage generator 220 and a controlling circuit 

If the gate signal Cpl or Cp2 generated by the pull - up 230 . 
circuit 102 is improper , the source - drain voltage of the The sink voltage generator 210 comprises an operational 
P - type transistor P1 or P2 is possibly beyond the withstand - 5 amplifier OP1 , a capacitor C1 , a transistor Mpl and a 
ing voltage range . For avoiding this problem , the voltage transistor Mn1 . A positive input terminal of the operational 
regulator 200 provides a sink voltage Vsk ( e . g . , 1 . 5V ) to the amplifier OP1 receives a reference voltage Vrp . A negative 
pull - up circuit 102 . The sink voltage Vsk is used as the input terminal of the operational amplifier OP1 is connected 

with a node a . The capacitor C1 is connected between the lowest voltage level of the pull - up circuit 102 . Conse 
quently , the operating voltages of all signals of the pull - up in 10 power voltage Vcc and the node a . The gate terminal of the 

transistor Mp1 is connected with an output terminal of the circuit 102 are in a range between the power voltage Vcc and operational amplifier OP1 . A first terminal of the transistor the sink voltage Vsk . Mp1 is connected with the node a . A second terminal of the Similarly , if the gate signal Cnl or Cn2 generated by the transistor Mp1 is connected with the ground voltage GND . 
pull - down circuit 104 is improper , the source - drain voltage 15 The gate terminal of the transistor Mnl receives a power 
of the N - type transistors NT or N2 is possibly beyond the start control signal Ctrh . A first terminal of the transistor 
withstanding voltage range . For avoiding this problem , the Mn1 is connected with the node a . A second terminal of the 
voltage regulator 200 provides a source voltage Vse ( e . g . , transistor Mnl is connected with the ground voltage GND . 
1 . 8V ) to the pull - down circuit 104 . The source voltage Vse Moreover , the node a generates the sink voltage Vsk . 
is used as the highest voltage level of the pull - down circuit 20 The source voltage generator 220 comprises an opera 
104 . Consequently , the operating voltages of all signals of tional amplifier OP2 , a capacitor C2 , a transistor Mp2 and a 
the pull - down circuit 104 are in a range between the source transistor Mn2 . A positive input terminal of the operational 
voltage Vse and the ground voltage GND . amplifier OP2 receives a reference voltage Vrm . A negative 

That is , in the normal working state , the voltage regulator input terminal of the operational amplifier OP2 is connected 
200 provides the sink voltage Vsk to the pull - up circuit 102 . 25 with a node b . The capacitor C2 is connected between the 
Consequently , in the pull - up circuit 102 , the highest voltage ground voltage GND and the node b . The gate terminal of 
level is the power voltage Vcc and the lowest voltage level the transistor Mn2 is connected with an output terminal of 
is the sink voltage Vsk . Similarly , in the normal working the operational amplifier OP2 . A first terminal of the tran 
state , the voltage regulator 200 provides the source voltage sistor Mn2 is connected with the node b . A second terminal 
Vse to the pull - down circuit 104 . Consequently , in the 30 of the transistor Mn2 is connected with the power voltage 

Vcc . The gate terminal of the transistor Mp2 receives a pull - down circuit 104 , the highest voltage level is the source power start control signal Ctrl . A first terminal of the voltage Vse and the lowest voltage level is the ground transistor Mp2 is connected with the node b . A second voltage GND . terminal of the transistor Mp2 is connected with the ground The operations of the cascade I / O circuit 100 will be * 35 voltage Vcc . Moreover , the node b generates the source described as follows . For example , the power voltage Vcc is voltage Vse . 
3 . 3V , the sink voltage Vsk is 1 . 5V , the source voltage Vse is In the normal working state of the voltage regulator 200 . 
1 . 8V , and the ground voltage GND is OV . the controlling circuit 230 inactivates the power start control 
When the cascade I / O circuit 100 outputs the power signals Ctrh and Ctrl . Moreover , the controlling circuit 230 

voltage Vcc ( 3 . 3V ) to the output pad 120 , the gate signals 40 provides the reference voltages Vrp and Vrn to the sink 
Cp1 and Cp2 of the pull - up circuit 102 are both equal to the voltage generator 210 and the source voltage generator 220 , 
sink voltage Vsk ( 1 . 5V ) . Since the P - type transistors P1 and respectively . According to the reference voltage Vrp , the 
P2 are turned on , the power voltage Vcc is transmitted to the sink voltage generator 210 generates the sink voltage Vsk . 
output pad 120 . Meanwhile , the gate signal Cnl and Cn2 of According to the reference voltage Vrn , the source voltage 
the pull - down circuit 104 are equal to the source voltage Vse 45 generator 220 generates the source voltage Vse . For 
( 1 . 8V ) and the ground voltage GND ( OV ) , respectively . example , if the reference voltage Vrp is 1 . 5V , the sink 
Consequently , the conduction path between the output pad voltage generator 210 generates the sink voltage Vsk of 
120 and the ground voltage GND is turned off . 1 . 5V . Similarly , if the reference voltage Vrn is 1 . 8V , the 
When the cascade I / O circuit 100 outputs the ground source voltage generator 220 generates the source voltage 

voltage GND ( OV ) to the output pad 120 , the gate signal Cnl 50 Vse of 1 . 8V . 
and Cn2 of the pull - down circuit 104 are both equal to the After the voltage regulator 200 is powered on and during 
source voltage Vse ( 1 . 8V ) . Since the N - type transistors Ni a transient period of the voltage regulator 200 , the control 
and N2 are turned on , the ground voltage GND ( OV ) is ling circuit 230 activates the power start control signals Ctrh 
transmitted to the output pad 120 . Moreover , in the pull - up and Ctrl . Under this circumstance , the ground voltage GND 
circuit 102 , the gate signal Cp2 and Cpl are equal to the sink 55 is temporarily used as the sink voltage Vsk by the sink 
voltage Vsk ( 1 . 5V ) and the power voltage Vcc ( 3 . 3V ) , voltage generator 210 , and the power voltage Vcc is tem 
respectively . Consequently , the conduction path between the porarily used as the source voltage Vse by the source voltage 
output pad 120 and the power voltage Vcc is turned off . generator 220 . 

From the above descriptions , the voltage between any two After the voltage regulator 200 is powered on and during 
terminals of the P - type transistor P1 , the P - type transistor 60 the transient period of the voltage regulator 200 , the tran 
P2 , the N - type transistor N1 or the N - type transistor N2 does sistor Mnl of the sink voltage generator 210 is turned on and 
not exceed the withstanding voltage range regardless of thus the ground voltage GND is used as the sink voltage 
whether the output pad 120 outputs the high voltage ( 3 . 3V ) Vsk . In addition , the transistor Mp2 of the source voltage 
or the low voltage ( OV ) . generator 220 is turned on , and thus the power voltage Vcc 

FIG . 2 is a schematic circuit diagram illustrating the 65 is used as the source voltage Vse . 
detailed circuitry of the voltage regulator according to the In the normal working state of the voltage regulator 200 , 
embodiment of the present invention . As shown in FIG . 2 , the transistor Mnl of the sink voltage generator 210 is turned 
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off . Since the operational amplifier OP1 and the transistor transistor ml is turned off , the transistor m2 is turned on . 
Mp1 are in a negative feedback connection , the sink voltage Meanwhile , the power start control signal Ctrh is substan 
Vsk is equal to the reference voltage Vrp . In addition , the tially equal to the power voltage Vcc . That is , the N - type 
transistor Mp2 of the source voltage generator 220 is turned transistor Mnl of the sink voltage generator 210 is turned on 
off . Since the operational amplifier OP2 and the transistor 5 in response to a high voltage level . 
Mn2 are in a negative feedback connection , the source After the time point t1 , the voltage regulator 200 is in a 
voltage Vse is equal to the reference voltage Vrn . For normal working state . Meanwhile , the voltage of the node c 
example , if the reference voltage Vrp is 1 . 5V , the sink is sufficient to turn on the transistor m3 , and the voltage of 
voltage generator 210 generates the sink voltage Vsk of the node d is sufficient to turn on the transistor m1 . 
1 . 5V . Similarly , if the reference voltage Vrn is 1 . 8V , the 10 Since the transistor m3 is turned on , the transistor m4 is 
source voltage generator 220 generates the source voltage turned off . Meanwhile , the power start control signal Ctrl is 
Vse of 1 . 8V . substantially equal to the power voltage Vcc . That is , the 

FIG . 3A is a schematic circuit diagram illustrating the P - type transistor Mp2 of the source voltage generator 220 is 
controlling circuit of the voltage regulator according to the turned off in response to the high voltage level . Since the 
embodiment of the present invention . FIG . 3B is a schematic 15 transistor ml is turned on , the transistor m2 is turned off . 
timing waveform diagram illustrating associated signal pro - Meanwhile , the power start control signal Ctrh is equal to 
cessed by the voltage regulator according to the embodiment the ground voltage GND ( OV ) . That is , the N - type transistor 
of the present invention . Mnl of the sink voltage generator 210 is turned off in 

The controlling circuit 230 comprises resistors r1 - 17 and response to the low voltage level . 
transistors ml - m4 . The resistor rl is connected between the 20 According to the reference voltage Vrn , the source voltage 
power voltage Vcc and a node c . The resistor r2 is connected Vse generated by the source voltage generator 220 is main 
between the node c and a node d . The resistor r3 is arranged tained at about 1 . 8V . According to the reference voltage Vrp , 
between the node d and the ground voltage GND . That is , the sink voltage Vsk generated by the sink voltage generator 
the resistors r1 , r2 and r3 are connected between the power 210 is gradually increased from OV to 1 . 5V . 
voltage Vcc and the ground voltage GND , and collabora - 25 It is noted that the sink voltage generator 210 , the source 
tively formed as a voltage divider . Consequently , the nodec voltage generator 220 and the controlling circuit 230 of the 
generates the reference voltage Vrn , and the node d gener - voltage regulator 200 may be modified while retaining the 
ates the reference voltage Vrp . teaching of the present invention . 

The gate terminal of the transistor ml is connected with FIG . 4A is a schematic circuit diagram illustrating a 
the node d . A first terminal of the transistor m1 is connected 30 variant example of the sink voltage generator of the voltage 
with the power voltage Vcc . The resistor r4 is connected regulator according to the embodiment of the present inven 
with a second terminal of the transistor ml and the ground tion . In comparison with the sink voltage generator 210 of 
voltage GND . A gate terminal of the transistor m2 is FIG . 2 , the connection between the operational amplifier 
connected with a second terminal of the transistor m1 . A first OP3 and a transistor Mn3 of the sink voltage generator 310 
terminal of the transistor m2 is connected with the power 35 is distinguished . The other aspects of the sink voltage 
voltage Vcc . The resistor r5 is connected between a second generator 310 are similar to those of the sink voltage 
terminal of the transistor m2 and the ground voltage GND . generator 210 of FIG . 2 , and are not redundantly described 
Moreover , the second terminal of the transistor m2 generates herein . 
the power start control signal Ctrh . A negative input terminal of the operational amplifier OP3 

The gate terminal of the transistor m3 is connected with 40 receives a reference voltage Vrp . A positive terminal of the 
the node c . A first terminal of the transistor m3 is connected operational amplifier OP3 is connected with a node a . The 
with the ground voltage GND . The resistor r6 is connected gate terminal of the transistor Mn3 is connected with an 
with a second terminal of the transistor m3 and the power output terminal of the operational amplifier OP3 . A first 
voltage Vcc . A gate terminal of the transistor m4 is con - terminal of the transistor Mn3 is connected with the node a . 
nected with the second terminal of the transistor m3 . A first 45 A second terminal of the transistor Mn3 is connected with 
terminal of the transistor m4 is connected with the ground the ground voltage GND . Since the operational amplifier 
voltage GND . The resistor r7 is connected between a second OP3 and the transistor Mn3 are in a negative feedback 
terminal of the transistor m4 and the power voltage Vcc . connection , the sink voltage Vsk is equal to the reference 
Moreover , the second terminal of the transistor m4 generates voltage Vrp . 
the power start control signal Ctrl . 50 FIG . 4B is a schematic circuit diagram illustrating a 

Please refer to FIG . 3B . At the time point to , the voltage variant example of the source voltage generator of the 
regulator 200 is powered on . Consequently , the power voltage regulator according to the embodiment of the pres 
voltage Vcc is gradually increased from OV to 3 . 3V . ent invention . In comparison with the source voltage gen 

The time interval between the time point to and the time erator 220 of FIG . 2 , the connection between the operational 
point t1 is a transient period . The duration of the time 55 amplifier OP4 and a transistor Mp3 of the source voltage 
interval is about 10 ms ~ 20 ms . In the transient period , the generator 320 is distinguished . The other aspects of the 
power voltage Vcc is gradually increased , and the reference source voltage generator 320 are similar to those of the 
voltage Vrn at the node c and the reference voltage Vrp at the source voltage generator 220 of FIG . 2 , and are not redun 
node d are gradually increased . Meanwhile , the voltage of dantly described herein . 
the node c is insufficient to turn on the transistor m3 , and the 60 A negative input terminal of the operational amplifier OP4 
voltage of the node d is insufficient to turn on the transistor receives a reference voltage Vrm . A positive terminal of the 
ml . operational amplifier OP4 is connected with a node b . The 

Since the transistor m3 is turned off , the transistor m4 is gate terminal of the transistor Mp3 is connected with an 
turned on . Meanwhile , the power start control signal Ctrl is output terminal of the operational amplifier OP4 . A first 
substantially equal to the ground voltage GND ( OV ) . That is , 65 terminal of the transistor Mp3 is connected with the node b . 
the P - type transistor Mp2 of the source voltage generator second terminal of the transistor Mp3 is connected with 
220 is turned on in response to a low voltage level . Since the the power voltage Vcc . Since the operational amplifier OP4 
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and the transistor Mp3 are in a negative feedback connec embodiments , it is to be understood that the invention needs 
tion , the source voltage Vse is equal to the reference voltage not be limited to the disclosed embodiment . On the contrary , 
Vrn . it is intended to cover various modifications and similar 

FIG . 4C is a schematic circuit diagram illustrating a arrangements included within the spirit and scope of the 
variant example of the controlling circuit of the voltage 5 appended claims which are to be accorded with the broadest 
regulator according to the embodiment of the present inven - interpretation so as to encompass all such modifications and 
tion . The controlling circuit 330 further comprises a bandgap similar structures . 
circuit 332 , a first comparing circuit CMP1 and a second 
comparing circuit CMP2 . What is claimed is : 

The bandgap circuit 332 can accurately output the refer - 10 1 . A voltage regulator connected with an input / output 
ence voltages Vrp and Vrn . A positive input terminal of the circuit , the voltage regulator comprising : 
first comparing circuit CMP1 receives the reference voltage a controlling circuit generating a first reference voltage , a 
Vrp . A negative input terminal of the first comparing circuit second reference voltage , a first power start control 
CMP1 receives the power voltage Vcc . An output terminal signal and a second power start control signal ; 
of the first comparing circuit CMP1 generates the power 15 a sink voltage generator receiving the first reference 
start control signal Ctrh . A negative input terminal of the voltage and the first power start control signal ; and 
second comparing circuit CMP2 receives the reference a source voltage generator receiving the second reference 
voltage Vrn . A positive terminal of the second comparing voltage and the second power start control signal , 
circuit CMP2 receives the power voltage Vcc . An output wherein when the voltage regulator is in a normal work 
terminal of the second comparing circuit CMP2 generates 20 ing state , the controlling circuit inactivates the first 
the power start control signal Ctrl . power start control signal and the second power start 

Similarly , after the voltage regulator 200 is powered on control signal , the sink voltage generator generates a 
and during a transient period of the voltage regulator 200 , sink voltage according to the first reference voltage , 
the controlling circuit 330 activates the power start control and the source voltage generator generates a source 
signals Ctrh and Ctrl . Since the transistor Mnl of the sink 25 voltage according to the second reference voltage . 
voltage generator 210 or 310 is turned on , the ground 2 . The voltage regulator as claimed in claim 1 , wherein 
voltage GND is temporarily used as the sink voltage Vsk by the input / output circuit comprises : 
the sink voltage generator 210 or 310 . Moreover , since the a pull - up circuit receiving a power voltage and the sink 
transistor Mp2 of the source voltage generator 220 or 320 is voltage , so that an operating voltage of the pull - up 
turned on , the power voltage Vcc is temporarily used as the 30 circuit is in a range between the power voltage and the 
source voltage Vse by the source voltage generator 220 or sink voltage ; and 
320 . a pull - down circuit receiving the source voltage and a 
During the normal operations of the voltage regulator ground voltage , so that an operating voltage of the 

200 , the controlling circuit 330 inactivates the power start pull - down circuit is in a range between the source 
control signals Ctrh and Ctrl . Moreover , the controlling 35 voltage and the ground voltage . 
circuit 330 provides the reference voltages Vrp and Vrn to 3 . The voltage regulator as claimed in claim 2 , wherein 
the sink voltage generator 210 or 310 and the source voltage the pull - up circuit comprises a first P - type transistor and a 
generator 220 or 320 , respectively . According to the refer - second P - type transistor in a cascade connection , wherein 
ence voltage Vrp , the sink voltage generator 210 or 310 the first P - type transistor and the second P - type transistor are 
generates the sink voltage Vsk . According to the reference 40 connected between the power voltage and an output pad , a 
voltage Vrn , the source voltage generator 220 or 320 gen - gate terminal of the first P - type transistor receives a first gate 
erates the source voltage Vse . signal , and a gate terminal of the second P - type transistor 
Generally , the sink voltage generator , the source voltage receives a second gate signal . 

generator and the controlling circuit of the voltage regulator 4 . The voltage regulator as claimed in claim 3 , wherein 
of different examples may be combined with each other to 45 the pull - down circuit comprises a first N - type transistor and 
generate the sink voltage Vsk and the source voltage Vse . a second N - type transistor in a cascade connection , wherein 
For example , in an embodiment , the controlling circuit 230 the first N - type transistor and the second N - type transistor 
of FIG . 3A , the sink voltage generator 310 of FIG . 4A and are connected between the ground voltage and the output 
the voltage regulator 200 of FIG . 2 cooperate with each pad , a gate terminal of the first N - type transistor receives a 
other to generate the sink voltage Vsk and the source voltage 50 third gate signal , and a gate terminal of the second N - type 

transistor receives a fourth gate signal . 
From the above descriptions , the present invention pro - 5 . The voltage regulator as claimed in claim 1 , wherein 

vides a voltage regulator . The voltage regulator provides the before the normal working state and during a transient 
sink voltage Vsk and the source voltage Vse to the cascade period , the controlling circuit activates the first power start 
I / O circuit . Consequently , the voltage between any two 55 control signal and the second power start control signal , so 
terminals of the transistor of the cascade I / O circuit does not that a ground voltage is used as the sink voltage by the sink 
exceed the withstanding voltage range . That is , the transis - voltage generator and a power voltage is used as the source 
tors of the cascade I / O circuit can be normally operated voltage by the source voltage generator . 

In the above embodiments , the power voltage Vcc is 3 . 3V 6 . The voltage regulator as claimed in claim 5 , wherein 
and the withstanding voltage of the transistor is 1 . 8V . It is 60 the sink voltage generator comprises : 
noted that the magnitudes of the power voltage and the an operational amplifier , wherein a first input terminal of 
withstanding voltage may be altered according to the prac the operational amplifier receives the first reference 
tical requirements . For example , in another embodiment , the voltage , and a second input terminal of the operational 
power voltage Vcc is 5 . 0V and the withstanding voltage of amplifier is connected with a node a ; 
the transistor is 3 . 3V . 65 a first transistor , wherein a gate terminal of the first 

While the invention has been described in terms of what transistor is connected with an output terminal of the 
is presently considered to be the most practical and preferred operational amplifier , a first terminal of the first tran 

Vse . 
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sistor is connected with the node a , and a second ing circuit receives the second reference voltage , and an 
terminal of the first transistor receives the ground output terminal of the second comparing circuit gen 
voltage ; erates the second power start control signal . 

a capacitor connected between the power voltage and the 9 . The voltage regulator as claimed in claim 5 , wherein 
node a ; and 5 the controlling circuit comprises : 

a second transistor , wherein a gate terminal of the second a first resistor connected between the power voltage and 
transistor receives the first power start control signal , a a node c ; 
first terminal of the second transistor is connected with a second resistor connected between the node c and a node 
the node a , and a second terminal of the second 
transistor receives the ground voltage . 10 a third resistor connected between the node d and the 

7 . The voltage regulator as claimed in claim 5 , wherein ground voltage , wherein the node d generates the first 
the sink voltage generator comprises : reference voltage , and the node c generates the second 

an operational amplifier , wherein a first input terminal of reference voltage ; 
the operational amplifier receives the second reference a first transistor , wherein a gate terminal of the first 
voltage , and a second input terminal of the operational 15 transistor is connected with the node d , and a first 
amplifier is connected with a node b ; terminal of the first transistor receives the power volt 

a first transistor , wherein a gate terminal of the first age ; 
a fourth resistor connected between a second terminal of transistor is connected with an output terminal of the 

operational amplifier , a first terminal of the first tran the first transistor and the ground voltage ; 
sistor is connected with the node b , and a second 20 20 a second transistor , wherein a gate terminal of the second 
terminal of the first transistor receives the power volt transistor is connected with a second terminal of the 
age ; first transistor , and a first terminal of the second tran 

a capacitor connected between the ground voltage and the sistor receives the power voltage ; 

node b ; and a fifth resistor connected between a second terminal of the 
a second transistor , wherein a gate terminal of the second 25 second transistor and the ground voltage , wherein the 

transistor receives the second power start control sig second terminal of the second transistor generates the 
nal , a first terminal of the second transistor is connected first power start control signal ; 

a third transistor , wherein a gate terminal of the third with the node b , and a second terminal of the second 
transistor receives the power voltage . transistor is connected with the node c , and a first 

8 . The voltage regulator as claimed in claim 5 , wherein 30 terminal of the third transistor receives the ground 
the controlling circuit comprises : voltage ; 

a bandgap circuit generating the first reference voltage a sixth resistor connected between a second terminal of 
and the second reference voltage ; the third transistor and the power voltage ; 

a first comparing circuit , wherein a first input terminal of a fourth transistor , wherein a gate terminal of the fourth 
the first comparing circuit receives the power voltage , 35 transistor is connected with the second terminal of the 
a second input terminal of the first comparing circuit third transistor , and a first terminal of the fourth tran 
receives the first reference voltage , and an output sistor receives the ground voltage ; and 
terminal of the first comparing circuit generates the first a seventh resistor connected between a second terminal of 
power start control signal ; and the fourth transistor and the power voltage , wherein the 

a second comparing circuit , wherein a first input terminal 40 second terminal of the fourth transistor generates the 
of the second comparing circuit receives the power second power start control signal . 
voltage , a second input terminal of the second compar * * * * * 


